
ABSTRACT
Background/Purpose: Movement quality is commonly assessed to identify movement limitations and guide exercise prescription. 
Rapid growth in the movement assessment landscape has led to the development and utilization of various movement quality 
assessments, many without reliability estimates. MovementSCREEN is a novel, tablet-based, video-recorded movement assess-
ment tool, currently without published reliability information. Therefore, the purpose of this study was to determine the intra and 
inter-rater reliability of the MovementSCREEN, including the impact of rater experience, and provide estimates of measurement 
error and minimal detectable change.

Study Design: Cross-sectional design; reliability study.

Methods: Thirty healthy young adults (14M:16F, mean age 28.4 yrs, SD 9.1) were video recorded completing the nine Move-
mentSCREEN assessment items on two occasions, two weeks apart. Each individual movement was assessed against objective 
scoring criteria (component items: yes/no) and using a 100-point sliding scale. To create an overall score for each movement, the 
scale score is weighted against the objective items to provide a score out of 100. At the completion of all nine individual move-
ments, a mean composite score of movement quality is also established (0-100). The first recording was scored twice by two expert 
and two novice assessors to investigate inter- and intra-rater reliability. The second recording was scored by one expert assessor to 
investigate within-subject error. Inter- and intra-rater reliability was calculated using intraclass correlation coefficients (ICCs) and 
Kappa statistics. The standard error of measurement (SEM), and minimal detectable change (MDC95) for the overall score for each 
movement, and the composite score of movement quality, were calculated. 

Results: Intra-rater reliability for the component items ranged from κ = 0.619 – 1.000 (substantial to near perfect agreement) and 
0.233 – 1.000 (slight to near perfect agreement) for expert and novice assessors, respectively. The ICCs for the overall movement 
quality scores for each individual movement ranged from 0.707 – 0.952 (fair to high) in expert and 0.502 – 0.958 (poor to high) in 
novice assessors. Inter-rater agreement for the component items between expert assessors ranged from κ = 0.242 - 1.000 (slight to 
almost perfect agreement), while for novice assessors ranged from 0.103 – 1.000 (less than chance to almost perfect agreement). 
ICCs for the overall scores for each individual movement from expert and novice assessors ranged from 0.294 – 0.851 (poor to good) 
and 0.249 – 0.775 (poor to fair), respectively. The SEM for the composite score was 2 points, while the MDC95 was 6 points, with an 
ICC 0.901.

Conclusions: The MovementSCREEN can assess movement quality with fair to high reliability on a test-retest basis when used by 
experienced assessors, although reliability scores decrease in novice assessors. Comparisons between assessors involve greater 
error. Therefore, the training of inexperienced assessors is recommended to improve reliability. 

Level of Evidence: 2b
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INTRODUCTION
The assessment of movement quality has become 
commonplace in both sport and recreational fitness 
settings, often as tools to predict injury risk.1,2 While 
the association between movement quality and 
injury risk has been inconclusive,3,4 these assess-
ments can provide coaches, trainers, and reha-
bilitation practitioners with valuable information 
regarding areas of muscular weakness, tightness, 
and movement dysfunction.1 This information can 
therefore play an important role in guiding exercise 
prescription to meet the individual needs of an ath-
lete or client.1,5

Increasing interest in assessing movement quality 
has led to the development and widespread utiliza-
tion of several movement screening tools in both 
research and practical settings.1,2 These tools have 
largely been developed for use in specific popula-
tions with relatively specific objectives, although 
their overreaching goal is to assess movement qual-
ity through the appraisal of an individual’s capacity 
to perform fundamental movements.1,5,6,7 The inabil-
ity to complete these movements may be indicative 
of movement dysfunction, while their successful 
completion demonstrates a higher level of move-
ment quality.5,8

MovementSCREEN is a new electronic-based, video-
recorded movement quality assessment tool that 
assists in gathering information necessary to guide 
individualized exercise interventions; providing a 
clear starting point from which an athlete or indi-
vidual can commence gym-based resistance exer-
cise. MovementSCREEN evaluates the performance 
of nine fundamental movements. Each individual 
movement is scored against objective criteria in com-
bination with an overall movement quality indicator 
to provide an indication of global movement quality. 
This tool is further stated to assist coaches and practi-
tioners track changes in movement quality that occur 
in response to individualised exercise interventions. 
Although its assessment items share many similari-
ties with other movement assessment tools, Move-
mentSCREEN provides a novel, tablet-based method 
of assessing movement quality that offers simple 
usability in exercise prescription settings. Addition-
ally, it uses a 100-point scale to provide a composite 
movement measure: thereby attempting to improve 

upon a criticism of existing movement quality assess-
ments in their use of basic Likert-type scoring sys-
tems (i.e. 0-3), in which a lack of sensitivity has been 
observed.9 While the use of these  Likert-type scor-
ing systems may have the potential to increase the 
tools’ ease of use, the lack of sensitivity could limit 
the depth of information gathered, mask potential 
associations with physical performance and injury 
risk, and inhibit the ability to track training induced 
changes in movement quality.9

To allow the confident assessment of changes in an 
individual’s movement quality, the tool needs to be 
reliable. As assessor experience has also been shown 
to influence the reliability of movement quality 
assessments,10 it is important to include raters with 
different levels of experience when determining reli-
ability. This has implications for increasing the util-
ity of the tool in the field and establishing relevant 
training of inexperienced assessors. Moreover, while 
assessing the same movement performance on two 
separate occasions (via video capture) provides reli-
ability information pertaining to the technical error 
associated with use of the tool itself, it doesn’t pro-
vide any information about within-subject error. 
Within-subject error is likely to be introduced when 
an individual performs the movement assessment at 
two different time points, where small variations in 
movement may be observed.7 Subsequently, reliabil-
ity measures that have relevance to clinical practice 
such as minimum detectable change (MDC95) and 
standard error measurement (SEM) should be estab-
lished accounting for within-subject error.

The first aim of this study was to determine the intra 
and inter-rater reliability of a novel, tablet-based move-
ment quality assessment tool (MovementSCREEN), 
including estimates of typical measurement error 
and minimal detectable change. The second aim was 
to determine the impact that assessor experience has 
on reliability estimates

METHODS

Participants
Participants qualified as apparently healthy in 
accordance to the Exercise and Sport Science Austra-
lia (ESSA) pre-exercise screening tool,11 were free of 
musculoskeletal and neurological disease, and were 
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physically able to perform the nine movements 
within the assessment protocol. A sample size calcu-
lation was performed and indicated that with each 
subject measured two times, a target ICC of 0.9, an 
ICC of 0.75 or higher to be minimally acceptable, 
α=0.05 and 80% power, 26 subjects were required.

Ethical Approval
This study was approved by the University of 
South Australia human research ethics committee 
(0000036268). All participants were informed of the 
risks and benefits of the investigation prior to sign-
ing an institutionally approved consent document to 
participate in the study. Reporting for this study was 
conducted in accordance to COSMIN checklist for 
reliability studies.12

MovementSCREEN Assessment Tool
Further detail surrounding the application of Move-
mentSCREEN and the rationale of its included move-
ment assessments are provided in supplementary 
digital content 1. In short, MovementSCREEN was 
designed to provide coaches, trainers, and exercise 
professionals a movement quality assessment that 
indicates an individual’s current capacity for gym-
based exercise. This information may guide exercise 
prescription, while also providing a way to quantify 
changes in movement quality that occur in response 
to exercise interventions. 

The MovementSCREEN protocol involves the assess-
ment of both video-recorded lower-body and upper-
body dominant movements, which include: squat, 
lunge, deadlift with bent over row, single leg squat, 
overhead reach, thoracic rotation, four-point with 
opposite arm/leg lift, push up, and active straight 
leg raise. These nine movements (Figures 1, 2, and 
3) are scored individually (Table 1), and they pro-
vide an indication of trunk and hip stability, hip, 
ankle, and thoracic range of motion, and bilateral 
and unilateral movement control. The movements 
themselves, and the assessment criteria of those 
movements (Table 1), provide a means of identify-
ing movement dysfunction. Additionally, as they are 
movements commonly trained within a gym setting 
with the intent to improve physical performance 
and functional capacity, they are relevant to guiding 
gym-based exercise prescription.13,14,15 Limitations in 

movement quality have been suggested to present 
through an inability to complete a given movement 
in accordance to its set scoring criteria 1 (Table 1). 
Dependant on that scoring criteria, these limitations 
will be indicative of the site and severity of potential 
movement dysfunction. This information can then 
provide a basis for further assessment if required, 
guiding subsequent exercise prescription.13,14,15

Within this assessment, each movement contains 
specific criteria that are presented as component 
items and are scored as a ‘yes’ or ‘no’ response 

Figure 1. Side view of start and fi nish position of the 
1) Squat, 2) the Lunge, and the 3) Deadlift with bent over row.
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For unilateral movements, each side is scored sepa-
rately, and a mean score of the two sides is provided 
for the overall movement quality score for that spe-
cific movement. At the completion of all nine move-
ments, a mean composite score is calculated from 
the overall scores of each induvial movement to pro-
vide a global measure of movement quality (0-100). 

Protocol
Participants were video recorded completing the 
MovementSCREEN assessment protocol twice, 

(Table 1). The component items relate to impor-
tant aspects of each movement and are based on 
elements of control required for safe and effective 
movement. The quality of each individual move-
ment is also scored using a 100-point sliding scale 
with associated cues (with a score of 100 being 
indicative of perfect movement quality). To create 
a final movement quality score for each movement, 
the subjective score is weighted against the sum of 
the component items to provide an overall score 
out of 100 (100 being the highest achievable score). 

Figure 2. Side view of start and fi nish position of the 
1) Single leg squat, 2) the Overhead reach, and the 3) Thoracic 
rotation.

Figure 3. Side view of start and fi nish position of the 
1) 4-Point with opposite arm/leg lift, 2) the push up, and the 
3) active straight leg raise.
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Table 1. MovementSCREEN assessment protocol.
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during the movement tasks was prohibited. The 
entire assessment, including the warmup, took 
approximately 30 minutes per participant. 

Each testing session was video recorded using two 
Apple iPads (30 frames per second, 1080p) mounted 
on tripods and positioned four meters from the par-
ticipant. Cameras were positioned orthogonal to 
each other, where one camera recorded the sagittal 
plane of movement and one the frontal plane from 
the anterior aspect. Each participant performed this 

two weeks apart. The participants performed the 
MovementSCREEN protocol in the sequential order 
outlined in Table 1 and illustrated in Figures 1-3. 
Participants were given specific instructions on how 
to perform each movement, while also observing a 
filmed demonstration of the movements performed 
with optimal technique. A short warmup was per-
formed prior to the assessment which included a 
five-minute bout of jogging, followed by some body-
weight exercises (walking lunges with arms over-
head, leg swings, and overhead reaches). Feedback 

Table 1. MovementSCREEN assessment protocol. (continued)
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calculated using the standard error of the mea-
surement (SEM) at the 95% level of confidence.16 
The minimal detectable change (MDC95) values 
at the 95% level of confidence were calculated to 
determine the lowest level of change that can be 
considered ‘true’ change and not likely due to mea-
surement error 19. ICC’s were interpreted accord-
ing to the following criteria: high (0.90–0.99); good 
(0.80–0.89); fair (0.70–0.79) and poor (0.00–0.69).17 
Kappa statistics were interpreted according to Lan-
dis and Koch:18 slight agreement (0.01-0.20), fair 
agreement (0.21- 0.40), moderate agreement (0.41-
0.60), substantial agreement (0.61-0.80), and almost 
perfect agreement (0.81-1.00).

Data were analysed using the statistical package 
SPSS version 24.0 for Windows, PC (IBM, Chicago, 
IL). Alpha was set at the 0.05 level. 

Results
Thirty apparently healthy adults (m = 14, f = 16; 
mean age 28.4 years, SD 9.1; mean height 171.3 cm, 
SD 9.4; mean weight 70.5 kg, SD 12.7) participated 
in this study. All 30 participants recruited into the 
study that met the inclusion criteria completed data 
collection, with no dropouts. 

Table 2 provides the mean scores for both novice and 
expert assessors for each movement, and demon-
strates the intra- rater reliability for both the com-
ponent items and movement quality scores. Kappa 
scores for the component items within the expert 
raters ranged from 0.619 – 1.000, suggesting substan-
tial to near perfect agreement, while the novice rat-
ers demonstrated slight to near perfect agreement 
(0.233 – 1.000). ICCs for the final movement quality 
score demonstrated fair to high intra-rater reliability 
in expert assessors (0.707 – 0.952), and poor to high 
intra-rater reliability (0.502 – 0.958) in novice asses-
sors. Paired t-test across all movement and composite 
scores demonstrated non-uniform differences across 
both expert (p = .022 - .729) and novice assessors 
(p = .039 - .998), indicating no systematic difference 
in scores between the first and second assessments.

Table 3 outlines inter- rater agreement between 
expert and novice assessors. Component items com-
parisons between expert assessors showed Kappa 
ranged from 0.242 - 1.000, suggesting slight to almost 

protocol on two individual occasions separated by 
14 days. 

Two expert and two novice assessors assessed the 
first video recording twice, 14 days apart to inves-
tigate intra- and inter- rater reliability. The expert 
assessors were university-qualified exercise science 
graduates, each with over five years of experience 
working clinically as exercise physiologists, and 
strength and conditioning specialists. The novice 
assessors were current clinical exercise physiology 
students in their final year of study, with knowledge 
of exercise prescription practices, but relatively lit-
tle practical experience assessing and prescribing 
exercise. The video footage of the second session 
was also assessed by one of the expert assessors to 
investigate the reliability estimates for within-sub-
ject error. In this manner, the assessment of the two 
time points accounted for both the technical error of 
assessment and the performer’s variability in move-
ment from one test to another, which cannot be con-
sidered when only assessing video footage from a 
single time point. All assessments for all assessors 
were performed under the same conditions, with the 
filmed video footage being re-watched on an 18-inch 
computer monitor independently.

Statistical Analysis
Descriptive statistics were calculated for both the 
overall and component scores for each tester and 
session. All descriptive data are presented as mean 
and standard deviations, where appropriate. Paired 
t-tests were performed on both the movement and 
composite scores for one expert and one novice 
assessor to assess for systematic error. The intra- and 
inter- rater reliability of each individual assessment 
item within each movement (binary data: Yes/No) 
were determined with the Kappa statistic. Intraclass 
correlation coefficients (ICC) were used to measure 
the agreement between the two groups for the over-
all scores. Intra- and inter-rater reliability was cal-
culated with a two-way mixed ICC for the overall 
scores between expert and novice raters separately. 
Within-subject error was established using ICC to 
measure the agreement between testing sessions 
one and two, as scored by an expert assessor. 

Response stability of the overall scores of each indi-
vidual movement, and the composite scores was 



The International Journal of Sports Physical Therapy | Volume 14, Number 3 | June 2019 | Page 431

DISCUSSION
The assessment of movement quality has the capac-
ity to provide coaches and exercise profession-
als with valuable information that can advise the 
development and application of exercise interven-
tions.1 There has been a rapid increase the num-
ber of assessment tools used in practice, although 
many do not have evidence of their reliability. 
MovementSCREEN is a novel tablet-based move-
ment assessment tool that appears to have practical 
merit, but no published reliability estimates to sup-
port its use. Therefore, the aims of this study were 
to determine the intra and inter-rater reliability of 
MovementSCREEN, including estimates of typical 

perfect agreement. Novice agreement ranged from 
0.103 – 1.000, suggesting less than chance to almost 
perfect agreement. ICC for the final movement qual-
ity scores in expert (0.294 – 0.851) and novice (0.249 – 
0.775) assessors demonstrated poor to good and poor 
to fair reliability, respectively.

Within-subject error between testing sessions one 
and two for the final movement quality scores var-
ied from poor to good (ICC 0.631 – 0.919). The SEM 
ranged from 10 to 18, while MDC95 ranged from 14 
to 26 (Table 4). The ICC for the composite score of 
global movement quality was 0.901, while SEM was 
2 points, and MDC95 was 6 points.

Table 2. MovementSCREEN movement scores (mean and standard deviation), and intra-rater reliability for component 
items and movement quality scores, for novice and expert assessors.
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Kappa statistics demonstrated substantial to near-
perfect agreement on a test-retest basis for the 
component items within expert assessors, while 
ICCs for the movement quality scores were fair to 
high in the same group. Agreement was generally 
lower in novice assessors for nearly all movements 
(Table 3). This information alone suggests there is 
likely to be a learning effect associated with the 
assessment of movement quality, with experience 
assessing movement leading to more consistent 
scoring.10 Interestingly, the range of scores allocated 
for each movement were greater in expert asses-
sors than their novice counterparts when viewing 
the same video. This suggests that with assessment 

measurement error and minimal detectable change, 
and to determine the impact of assessor experience 
on those reliability estimates. Data collected as part 
of this study demonstrated that MovementSCREEN 
can assess movement quality with fair to high reli-
ability on a test-retest basis when used by experi-
enced assessors, although reliability scores decrease 
in novice assessors. Subsequently, standardized 
training looks to be necessary to improve reliability 
in inexperienced assessors. Moreover, the reliability 
estimates provided can determine whether ‘true’ 
changes in movement quality have occurred, and 
are essential to inform the interpretation of assess-
ment results in the field and future research studies.

Table 3. Inter-rater reliability for component items and movement quality scores in novice 
and expert assessors.
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experience, there is likely to be an increased expo-
sure to large variations in movement quality. This 
exposure may result in a greater learned ‘spectrum’ 
of movement quality, causing greater discrimina-
tion during observation and explaining the increased 
confidence in expert assessors to score an individual 
either lower or higher than novice assessors.

The reliability estimates for the MovementSCREEN 
are comparable to other pre-existing movement qual-
ity assessment tools that have been evaluated in the lit-
erature.1 The current investigation demonstrated that 
the inter-rater reliability for the individual component 
items demonstrated fair to almost perfect agreement 
in expert assessors, and poor to almost perfect agree-
ment in novice assessors. Comparatively, the move-
ment quality scores demonstrated poor inter-rater 
reliability in both expert and novice assessors. This 
suggests that although the 100-point movement qual-
ity score may offer a way to capture smaller variations 
in movement quality, it might be too subjective for 
the system to be used interchangeably between asses-
sors without appropriate assessment standardization 
and education, irrespective of their experience. It is 
possible that coordinated and standardized training 
may assist in this regard to improve the utility of the 
system among assessors.19 The objectivity associated 
with the component items appears to improve reliabil-
ity between both novice and expert assessors. As the 
information gathered from these specific assessment 
items is arguably more valuable in terms of exercise 
prescription guidance, this will likely have positive 
implications in practical settings.

Although ICC’s and Kappa statistics provide a good 
indication of the tool’s reliability, SEM and MDC95 

may be more useful in practical settings.20 Addi-
tionally, as the SEM and MDC95 scores within this 
study have been established from two separate test-
ing occasions, they also account for both within-
subject error and technical error. The MDC95 of the 
overall movement quality scores of each individual 
movement varied between 14 and 26 points (Table 
4). While this variability in some cases may appear 
quite large, at its highest it represents a 26% change 
in the movement quality score to confidently sug-
gest that a ‘true’ change has occurred within an indi-
vidual movement. This is comparable to observing 
a one-point change in a given movement within 
the FMS™, which utilises a four-point ordinal scor-
ing scale.5 The MDC95 for the composite score was 
substantially lower at six points, suggesting any 
changes beyond this would represent a ‘true’ change 
in global and whole-body movement quality. It is 
important to note that while the MDC95 value for 
the composite score was markedly less than those 
established for the individual movements, there 
is explanation for this. As the composite score is 
derived from a mean of the individual movement 
scores, it is likely to smooth out the variances seen 
between those scores, resulting in tighter reliabil-
ity measures. Therefore, taking into consideration 
both the composite score and overall score for each 
individual movement is integral when assessing and 
tracking changes in movement quality.

The study has several identified strengths. Reli-
ability measures were established in both expert 
and novice assessors to determine how rater expe-
rience affects assessment reliability. Both the SEM 
and MDC95 were established using two individual 

Table 4. Within-subject error of the movement quality assessment, as assessed by a 
single expert assessor.
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testing sessions to account for both the technical 
error of assessment and within-subject error. This 
better represents how the tool is used in practical 
settings, and may provide useful information sur-
rounding the interpretation of any changes in move-
ment quality observed from one test to another.

There are also limitations that should be considered 
when deciphering the results of this study. The par-
ticipant group consisted of apparently healthy young 
adults. While variations in movement quality were 
observed, these were likely to be less than those seen 
in clinical practice. As such, the reliability results 
described may not be equivalent for higher level ath-
letic or clinical populations, with further reliability 
studies required in this area. Nonetheless, it was first 
necessary to determine reliability in a healthy popu-
lation before progressing to more specific groups. It 
is also important to note that while assessing video 
recorded footage of the MovementSCREEN offers a 
convenient means to establish inter- and intra rater 
reliability, it does slightly restrict the overall visual 
information provided to the assessor when com-
pared to real time assessment scenarios. In real time 
assessment, the assessor has the capacity to move 
around the subject as they perform the movement 
to gather further information if required. Therefore, 
the reliability measures described may not necessar-
ily depict those obtained in real time assessments. 
Finally, while the participants did receive thorough 
instructions and demonstrations surrounding the 
correct performance of the individual movement 
assessments, they did not receive any feedback dur-
ing the movement. As both feedback and knowledge 
of the grading criteria have been shown to influence 
movement assessment outcomes,21 this study imple-
mented the protocol according  to intended use in the 
field in individuals naïve to the criteria. The impact 
that different levels of cueing and prior knowledge 
has on reliability and movement quality with this 
tool would require further investigation.

CONCLUSIONS
The MovementSCREEN was developed to meet 
the needs of coaches, exercise, and rehabilitation 
professionals working within gym-based exercise 
prescription environments. The results from this 
analysis suggest that the tool can assess movement 

quality with fair to high reliability on a test-retest 
basis when administered by experienced practitio-
ners. Fair to almost perfect inter-rater agreement 
was observed for the component items of the assess-
ment tool, although the inter-rater reliability for the 
subjective movement quality score was poor. This 
suggests that the scores from the tool may not be 
reliable enough for confident application between 
different practitioners without standardized training 
surrounding its use. The MDC95 for the composite 
score of global movement quality is approximately 
six points, while it varied between 14 and 26 points 
for the component assessment items. This informa-
tion is integral to any future research examining the 
capacity of MovementSCREEN to identify changes 
in movement quality that occur over time or after 
interventions. Further research is required to vali-
date its capacity to guide exercise prescription and 
track associated changes in movement quality.
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